The identification of high performance stable genotypes is essential for increasing sustainable chickpea production in Turkey. Hence, nineteen chickpea genotypes were examined for stability assessment in different environments in Southeastern Anatolia, Turkey. Chickpea genotypes were sown in early spring and planted in the winter. The analysis of variance showed that the genotypes and locations were significantly differed in the majority of the studied characters. The regression coefficient, deviations of the regression coefficients, coefficient of variation, ecovalence and stability variance were calculated for chickpea genotypes. The stability parameters were varied by the planting dates and environments in which the chickpea genotypes were grown. Among the studied chickpea genotypes, genotype 'FLIP98-143C' was considered as high grain yield and low b value and produced the minimum deviation regarding the regression, genotypic variance, coefficient of variation, ecovalence and stability variance. Therefore, the genotype 'FLIP98-143C' may be used as a stable and high yielding variety in the future and also it may be used in future breeding programs to develop good varieties.
Introduction
Chickpea (Cicer arietinum L.) is one of the major essential legumes used as food and feed which is grown in 10 million hectares in a wide range worldwide. It supports an essential source of vegetable protein and fixes atmospheric nitrogen into the soil (Adeel et al., 2012) . It is an essential grain legume crop of Southeastern Anatolia, Turkey, and it is widely grown in rotation with winter cereals. Chickpea is grown both in winter and early/late spring in Turkey (Karakoy, 2012; Dogan et al., 2015) , although several genotypes have good yield performance, when they are grown in various planting dates. They produced low yield due to anthracnose (Ascochyta blight) disease and drought stress environment. Therefore, they could show different performances in various environments. Mega environments help to identify the most appropriate cultivars that can be recommended for the relevant areas within the mega-environment in one or more tested locations.
The susceptibility of existing varieties to fluctuations of the environment is a major factor that is responsible for low yield and yield instability (Adeel et al., 2012) . Because of the widespread presence of genotype and environment interactions, yield stability has taken much louder voice to develop the dropping yield of crops. There is some vital trait to calculate yield stability (Ludlow and Muchow, 1990; Adeel et al., 2012) . The genotypes used in the current study have been high or low yielding in previous years in only one location, but their performances in different environments are very important to be concerned as a new variety for region under investigation (Yadav et al., 2016) . Plant breeders have used the stability to produce a genotype that indicates a relatively constant yield, independent of environmental conditions (Sabaghnia et al., 2012) .
The stability traits to identify genotypes with stable performance across different environments (Shafi et al., 2012) according to Eberhart and Russel (1966) methods. Several models for the statistical measurement to evaluate the stability have been reported by research studies (Wricke, 1962; Finlay and Wilkinson, 1963; Eberhart and Russell, 1966; Francis and Kannenberg, 1978) , but single method could not adequately explain cultivar performance across environments (Mohebodini et al., 2006) . Finlay and Wilkinson (1963) used the coefficient of regression (b) as a stability parameter. They reported the regression coefficients can be used to describe the response of various cultivars to environments. The coefficient of variation (Francis and Kannenberg, 1978) is used to select cultivars that produce both high yield and low variance (a small amongenvironment variance). Wricke's ecovalance (1962) suggested using genotype environment interactions for each genotype as a stability measure. Shukla (1972) used stability variance of genotypes to determine the stability of a genotype. So, keeping these views in mind, the present study was designed to examine the yield stability under different environments and different stability parameters in order to identify chickpea genotypes with stable performance across various environments in Southeastern Anatolia, Turkey.
Materials and methods
The current research was conducted in Southeast Anatolia, Turkey on chickpea genotypes to compare and identify the most stable and high yielding genotypes during 2015-2016 growing seasons. Experiment was conducted in multiple environments in Southeastern Anatolia, Diyarbakir (altitude: 674 m), Silvan (altitude: 840 m), Hazro (altitude: 1050 m) and Kiziltepe (altitude: 498 m), Turkey. Silvan and Hazro are colder and rainier than Diyarbakir and Kiziltepe, and in Kiziltepe due to evaporation plant growth has a shorter period than in other locations ( Table 1) .
The materials for the present study comprised a total of 19 genotypes of chickpeas (Cicer arietinum L.) tested in a randomized complete block design with four replications. The genotypes including nine hybrid genotypes in F7 generation (D2-5, D2-8, D1-3, D2-6, D1-13, D1-14, D1-28, R4 and R6 from crosses Konya × Balikesir, Konya × ILC3279, ILC3279 × Balikesir and Diyar 95 × ILC 482), four ICARDA genotypes (FLIP97-254C, FLIP98-206C, FLIP98-143C and FLIP99-34C) selected from the drought tolerance collection, one local genotype (N5-5 from Diyarbakir chickpea production areas) and Turkish chickpea varieties (Diyar 95, Arda, Azkan, Gokce and Cagatay).
The genotypes were planted in six rows at 4 m length, with 45 cm spacing and with a seed rate of 55 seed m -2 . Planting was done in winter, planting was performed 27 December, 2014 and 20 November, 2015 in Diyarbakir, and 22 November, 2015 in Kiziltepe. Early spring planting was performed 18 February in Diyarbakir, 15 February in Kiziltepe, 17 February in Hazro, and 19 February in Silvan in the 2016 growing season. Fertilization was applied over 30 kg ha -1 N and 50 kg ha -1 P2O5 in planting time. The agronomic and cultural practices prevailing with the local requirements were done at each location. Plants were harvested 5.4 m 2 , and the treatments were hand harvested at the end of June. Seed yield per plot (g) data were collected from different locations and converted to kg per hectare (kg ha -1 ). 
Stability parameters
The regression coefficient (bi) was measured according to Finlay and Wilkinson (1963) to determine the stability. According to Eberhart and Russell (1966) , the regression coefficients approximating one coupled with (S 2 d) of zero indicate average stability. Ecovalence (W 2 i) as suggested by Wricke (1962) was calculated to further illustrate stability. The GE interaction effect for genotype i, squared and summed across all environments, is the stability estimated for genotype i. A low ecovalence (W 2 i) value indicates high relative stability. An unbiased estimate using stability variance (σ 2 i) of genotypes was measured according to Shukla (1972) . The stability was estimated by combining the use of coefficient of variation (CVi) and mean yield (Francis and Kannenberg, 1978) .
Results and discussion
The analysis of variance of chickpea genotypes at different locations ( Table 2 ) was significant for seed yield. Variance analysis was performed for each environment, and genotypes and genotypes x environments interactions were significant for grain yield. Grain yield ranks were given in Table 2 . Understanding the nature of genotype and environment interactions is essential in plant breeding programs because a positive significant genotype and environment interaction can extremely impair efforts to identify the superior genotypes related to new crop release and improvement programs (Danyali et al., 2012; Hasan and Deb, 2017 5  4  5  11  3  3  Azkan  16  18  13  9  4  1  Gokce  11  11  1  1  16  11  Cagatay  10  12  2  10  6 5 Genotype ** ** ** ** ** ** Genotype* environment ** ** **Significance level at 0.01 probability
The differences among genotypes for yield ranks in all environments were significant, ICARDA originated genotypes, FLIP98-143C, FLIP98-206C and FLIP99-34C, were identified as top genotypes in three environments in early spring planting. D2-5, D2-8, D1-3, D2-6, D1-13, D1-14 and D1-28 had low yield in all locations, due to their parents sensitivity to anthracnose. Late maturing genotypes were exposed to terminal drought in the region, ICARDA genotypes had small seeds, short plant height and early maturing, therefore, these genotypes were more advantageous than other varieties in spring planting. Varieties Arda and Azkan were identified as top cultivars in winter planting, these winter varieties, Arda and Azkan, always had high yielding in winter sowing due to high tolerance to anthracnose (Ascochyta blight). Since Diyar 95 (FLIP 83-47C) had matured later than all other varieties, it had low efficiency at both planting times. Kan et al. (2010) and Erdemci (2012) recorded that when the interaction is significant and rank of genotypes performance changes, genotypes should be bred for each location, and the optimum way is to identify lines that reveal higher performance annually. These findings indicated that these parameters could be used as a substitute for one another in genotypes and environment interactions studies of chickpea. Significant genotype and environment interaction was also recorded by Arshad et al. 
Regression coefficient and mean yield in chickpea
The stability performances of the chickpea genotypes for different planting dates summarized for the regression co-efficient (b) and grain yield in Table 3 . Grain yield was ranged from 820 kg ha -1 to 1415.5 kg ha -1 in early spring planting, from 1252.0 kg ha -1 to 1989.0 kg ha -1 mean in winter planting. Some genotypes were produced higher seed yield than some check varieties in spring planting. Regression coefficient (b) values ranged from -1.3 to 3.8 in early spring planting, and it ranged from -0.9 to 2.5, and stability performance for genotypes varied by planting time and location.
The high b value and high grain yield were estimated for eight genotypes in early spring planting, two genotypes in winter planting. It was estimated that the high regression co-efficient (b) and high grain yield values could be produced with a great number of experimental environment. Genotypes of the group fitted the definition of the ideal cultivar (Eberhart and Russell, 1966; Mart et al., 2005) . Three genotypes in spring planting and eighteen genotypes in winter planting had low b value but above average yields. The group quite dominated in the winter varieties. Winter planting is usually produced high yield, but anthracnose disease caused yield fluctuations over the environments. The group has responsive to the good APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16 (6) (Eberhart and Russell, 1966) , therefore, if late winter sowing is applied in these genotypes, high yield can be obtained taking benefit of the mechanism of being avoided by the disease. Varieties Arda, Azkan and Cagatay for winter planting, genotypes FLIP97-254C and FLIP99-34C for both planting date were significant genotypes ( Table 3) . Stability in the seed yield was earlier reported by several researchers (Abbas et al., 2008; Atta and Shah, 2009 ). Five genotypes in spring planting and three genotypes in winter planting had a low b value and below average yields. Azkan had higher yielding in winter planting than in spring planting, Diyar 95 showed poor performance in both planting dates due to late maturing and sensitivity to anthracnose. The group demonstrated a tendency to perform poorly in unfavorable conditions (Eberhart and Russell, 1966) . The genotypes of greatest interest would be those with the lowest Pi values, most of which were due to genetic variation (Lin and Binns, 1988) .
The stability performances of the chickpea genotypes for all environments are summarized for the regression co-efficient (b) and grain yield in Table 4 . Stability parameters were evaluated separately ( Table 4 ); Wricke's (1962) stability parameter W 2 i, the genotypes FLIP98-143C with lower ecovalance (W 2 i) was considered to be stable. The stability variance (σ 2 i) indicated that the genotypes FLIP98-143C and R4 had the lowest variance across the environments, while the genotype Azkan, D2-8 and D1-3 had the maximum σ 2 i. The genotypes FLIP98-143C and R4 were stable while the genotypes Azkan, D2-8 and D1-3 were unstable. The genotypes FLIP98-143C, R4 and Gokce according to Francis and Kannenberg (1978) stability parameter (CVi) were stable genotypes, and these genotypes produced a low CVi and high yield ( Table 4 ). The correlation among stability estimates of the various models may indicate if more evaluates should be achieved to improve confidence in the estimation of genotypes performances (Mahtabi et al., 2014) .
Genotype FLIP98-143C with produced high grain yield and low b value achieved the minimum deviation from the regression (δij 2 ), genotypic variance, coefficient of variation, ecovalence and stability variance. It was observed that genotype FLIP98-143C had high yield and b = 1 value in winter planting, similarly it indicated high yield and b value in early spring planting, therefore, it may be identified as a new line for location under investigation studied in early spring. However, if there is no risk of anthracnose disease, in less rainy environments, it can be suggested for winter planting. Genotype R4, which produced high seed yield and low b value achieved the lowest deviation from the regression, genotypic variance, coefficient of variation, ecovalence and stability variance. Genotype R4 may be recommended if precipitation is sufficient in spring season. According to Asrat et al. (2008) , genotypes with high ecovalence mean and large assessed values are appropriate for high input conditions.
Conclusion
The results of the present study indicated that the chickpea genotypes differed for yield regarding stability. Based on the stability parameters, it was concluded that, genotype 'FLIP98-143C' was considered as high grain yield and low b value and produced the minimum deviation regarding the regression, genotypic variance, coefficient of variation, ecovalence and stability variance. Therefore, the genotype 'FLIP98-143C' may be used to release as a stable and high yielding variety in the future and also may be used in future breeding programs to develop good varieties.
